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CERTAIN O T O R H I N O L A R ~ ~ L ~ I C A L  PRDBLm 
HEDIcAt SUPPORT OF SPACE FLIGHTS 

I. I. Bryanov, E. I. Pfatsnev, I. Ya.  Yakwleva 

The problem of the fur ther  conquest of space is continuously connected with 

the  development of space medicine. Problems related t o  a whole serles of clinical 

d isc ip l ines ,  including otorhholarygology, are of great  Importance f o r  the b i d -  

ical support of manned epace flights. 

Solving probleas in the area of otorhinolaryngology in essence is r e l a t ed  t o  

all stages of medical support of space flights. Here, each of these s tages  (namely, 

select ion and t ra in ing ,  space flight, and even the post-fl ight period), whlle having 

t h e i r  own individual c h a r a c t e r b t i c s ,  [also] determinee the  epecff ics  of otorhlno- 

laryngological problems, either as purely clinical [research] or in the  course of 

d def in i t e  trend of scientfflc research. 

Y e t ,  the main treads, among the  r)st *ortant problems of otorhinolaryngology 

In apace d i c i n e ,  have becoac deflaed, i.e.: vertibulology, acoustics,  and purely 

clfnical otorhluolaryngological aspects  (prophylaxis, diagnosis and treatment of 

otorhinoloryngological dtseaees).  

After the f i r s t  manned f l i gh t8  In space, i n  the  early s tages  of the  formation 

of rpace medicine, probiem of space vestibulology a t t r ac t ed  great  a t ten t ion  from 

doacst ic  and :Soviat] foreiga researchers. 

.b i r  wel l -knavn,  vestibular-vegetative disorders are a not infrequent occur- 

r x c e  which VIS obsemed In c o s ~ ~ n a u t a  from many .pace expeditionr, a u n g  t h a r  the 

crew of Skylab-2   all^ Scan, Jack Lou-, and Owen Garriot t ) .  

Thio r i t w t i o n  is motivlltlng r c i a n t i r t r  of mny countries 

f o r t s  toward the rtudy of the pathophyriologicrrl w c h a n i r r  of 

orders. 

nPry hypotheses coecerniap the pathogeneair of 

They attaPpt t o  explain i n  apace :light nov n i r t .  

* Numbaro in the r r g h  tadicrte pagluatioa in tho 

t o  d i r ec t  t h e i r  ef- /z 
the  oburved die- 

vestie~Aar-vegetative dieorders 

the  abwe-mentioned dieorders 

foreign t ex t .  



e i t h e r  ae thc  e f fec t  of weightlessness as a spec i f ic  stimulus, or the  result of a dis -  

ruptioa of the in te r re la t ionship  of the o t o l i t h i c  and cupular systePe duriag weight- 

lessness,  o r  as the result of changes 'n the  a f fe ren t  systems of the o r g a i s m  (M. D. 

Yehelyanov, 1968; C. L. Komendantov, 1963; K. L. I(hilov, 1964; Ye. H. Yugmm, 1968; 

Graybiel, 1971; Reason, 1967; Steele, 1967, e t  d). 

While not attempting t o  analyze each of these hypotheses, w e  would l i k e  t o  note 

the fur ther  accumulation of that a l l  of them s t i l l  need thorough t e s t ing  by 

factual information, received spec ia l  s i m l a t i o n  e x p e r m n t s  

and observations made d i r ec t ly  during space f l l g h t s .  

An important s t e p  in this dlrectim vas made, as is known, by American s c i e n t i e t e  

However, one should also point out that, kr me of the  s c i e n t f f i c  programs of Skylab. 

at t h i s  the ,  in the  course of fur ther  searching fo r  the  so lu t ion  t o  the ves t ibu lar  

problem, much infol.laatioa haa, already been acquired which allows one t o  approach 

evaluation of pechanims of vestibular-vegetative disorders from a somewhat d i f f e ren t  

p o e i t i m ,  n u e l y ,  taking i n t o  consideration the general adaptive react ions of the  or- 

pniolr t o  weightleemess. 

eral circulat ing volume of blood in weightlessnese and the subsequent appearance of 

hemodynamic chrnger, disorders of the water-salt exchange, and a lso  other  f u n c t i d  

s h i f t s ,  el.ucidated in d e t a i l  in the domestic and foreign l i t e r a t u r e  (0 .  G. Wteolro, 

A. A. Gyurbhlm,  1964; L. I. Kakurin, 1972; Berry, 1969, 1973 Le8ch e t  al., 1973; 

and otherr) .  

This concerns f i r s t  of a l l  the  red is t r ibu t ion  of the gen- 

& 

Hel0dyn.d~ disorders with de f in i t e  microcirculatory dieturbancebl at t he  t ieeua  

ad h x t r r e l l u l a r  level, hemoctarle in the  cerebral  vesaelr ,  [and] watrr-salt ex- 

chaugcr d i rordr rs  with t i r r u e  dyebalances in potassium, calcium and sodium ione de- 

tormine the mort favorable conditione fo r  the  ievelopment of vest ibular-vegetat ive 

dlrorderr  du r t r e  we igh t l e rmur .  Against t h i s  ( w e l l - ]  prepared background, the  l i k i -  

hood of the dealopownt of pronounced vestibular-vegetative react icus  even t o  threehold 

and rub-thruhold rtlruli, evoked by head and body movements in space f l i g h t ,  l e  COI- 

p lc te ly  poorible. Thus, a [very] real precondition is created f o r  the formation of 
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a pathophysiological mechanism, which from the  posit ions of otoneurological pract ice  

on ear th  c a ~ l  be interpreted as a Meniere-like c r i s i s  or as a vestibulopathlc seizure.  

It is indeed notable tha t  vestibular-vegetative disorders a r i s ing  during space 

f l i gh t  i-diately follow hemodynamic changes. 

tIry" i n to  weightlessness, but with the  appearance of il "rush" of blood t o  the head 

and gradually subside as the  organism adapts t o  these conditions. 

based e - e r h t s  with a mechanism simulating red is t r ibu t ion  of blood during so-called 

cmti-orthostatic hypokinesia, a se r i e s  of authors ( K. L. Khllov et al., 1969; E. V. 

Lopayev, N. V. Platonov, 1973; and others) have observeti f l ac t iona l  disorders of tha 

vest ibular  andysor  (manifested in some subjects  as spaotaueoue aystagmua and the on- 

set of nausea durlztg abrupt movemeat of the head) precisely in the f i r s t  day6 of ad*- 

tuf.a\. 

the  main mechanism in the  pathogenesis of the  observed veatlbular-vegetative disor- 

d r r s  in space f l i g h t ,  

They begin not Imnediatdy durlnf "en- 

In human ground- 

This information can serve as def in i t e  proof of the single-dircctedneos of 

& 

In t h i r  connection, it is appropriate t o  note yet another aapect of the  inter- 

re la t ioarh ip  between the ver t ibu lar  analyror and hemodynamic reac t iaar  of the ur-  

diovaacular ry r t e r .  Namely, vc have in mind chenges in hemodynamic indices  during 

tr~rrtlbular r t i a r l a t i o n  and, la par t lcu lar ,  regularities, evidencing not only the 

h e r p d p n d c r  in remponoc to  adequate s t i l u l a t i o n  of tho w 6 t i b u l a r  analycror ( I. I. 

Bry.nov et al; 1966; 1. A. ~ s o l o v ,  1966; E. V. Lapoyev rsrd Ye. M. Yugurov, 1968; 

A. A, chirltov, 1969, 1971; and others  as i n  vell-lmawn, h m m d y n d c  dfmrdets dur- 

irrg vwtibular r t iau la t iou  are a a c t i a c r  -re p n m o m c d ,  the l u r  *.rtibulu rta- 

b i l i t y  wrwrred by the  experimancal rubject .  

the  v u t i b u l a r  i n r t a b i l i t p  i r  pronounced and the rtronger the manifestation of 

wtibular-vrI ; . ta t ive dimorden, the mre pronounced a r e  the  h e m d y n d c  changes. 

In t h e i r  Utrem u n i f e r t a t i o a ,  there changes resemble pre-collapee and collap- 

t o id  rtater, 

Moreover, the  -re r i@f ican t ly  

OD. the other h a d ,  in v e r t i b u l u l y  r t ab te  subjects ,  even a very inteualve 
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and prolonged influeace does not evOKe s igni f icant  changes In the  h e m d p a d c s .  

AS is well-known, many authors do not share  the  viewpoint that there is a 

di rec t  relationehip between the resis tance Of the vest ibular  apparatus t o  the in- 

f l e m c e  of adequate stinnrii, as applied under ground-based conditions, and to le r -  

a c e  t o  f l i gh t .  

Voskhod, and Soyuz allows one t o  assume tha t  persons who are by nature r e s i s t a n t  

t o  the cumulative e f f e c t  of adequate s t imul i ,  as w e l l  as persons t ra ined for not 

j u s t  one but a complex of adequate s t imuli ,  p088eSS herodynamic s t a b i l i t y  duriag 

vest ibular  st imulation, endure space fl ight without vegetative dieordere, and adapt 

more e a s i l y  t o  weightlessneas. 

Yet, a l l  previous experience of f l i g h t s  on the  spacecraft Voetok, 

Thus, the  explanation of the  poss ib i l i t y  f o r  the  developreat of vestibular- 

vegetative disorders against  the  background of the  organism's adaptive r t ac t ion r  t o  

blood redis t r ibut ion and weightlessness subatantiate6 the pathogenetic connectla 

between theme processes. This rllowe one t o  ou t l ine  several  ways of iPlplementing 

a number of rpec i f ic  ooaaures for treatreat and prophy lu i r ,  and t o  datermlne tbe 

poriticm of the expert lredical corr&sion on t he  questions of eelectlon and trainin6 

of c o s m a u t o .  

necessity of carrying out the  #election of coeronoiit candidates with high vest ibuc 

lrr e t a b l l l t y  and the adviaabi l i ty  of ground-based t r a in ing  during the preparatory 

period. 

In particular, t h i r  etrangthene the point of view conearnin8 tho 

Grouud-baoed oimulatlm erperi~ants of both domeotic and forelm rereucharr, 

as w e l l  u tho experience of manned apace flighte a l m d y  conducted, temtlf iy  to 

the  coprpler ef fec t  of f l i g h t  f ac to r s  on the state of otorhlnolaryugologicl  or-. 

Sovlet w r ~ a u t s  urd Amricua u t l o a u t r ,  wan during short  f l i gh t s ,  have re- 

watedly d m m  attentiar t o  the  r u b r t u i t i r l  monk burden on the auditory apparatw 

of t he  cm-aut, who, while rubjected t o  the  conotant e f f ec t  of noire from the 

craft'8 8yrtOm, mat d,mo carry 00 t W 0 - W . p  raaio coamunicatitm. 

&*lVlr of tho remultr of our rtudler durina a year-lonr experiasat with 62= 



and 120day hypokinesia allows one t o  assume the  poss ib i l i ty  of the  appurance  of 

d m g e s  in the h m  auditory system under the  h f h e n c e  of cer ta in  fac tors  of 

space f l i g h t .  Against a background of a s t h e 3 i z a t i o n  and changes in the org(uIism'8 

r eac t iv i ty  id prolonged simulative experiments, f luctuat ions in auditory seas i t iv -  

l t y  were observed in healtfi.1 persons (within 20 db) and in  the  initial forme of 

cochlear neu r i t i s ,  auditory thresholds t o  high tones rose from 35 t o  50 db. 

taaewsly, all of the  subjects '  thresholds of loudness discomfort droppsd up t o  

35% from the  or ig ina l .  

Slmul- 

During a year-long experiment, it vas s b a  t h a t  n o b e  within the  boundaries 

of  hygienic norms, by v i r tue  of the cmulatlve e f f e c t ,  evoked in some persoao pro- 

nounced changes in the auditory organ. 

the  phenomemai of cochlc l t i s  vas noted for a period of seven Paathe a f t e r  t he  ex- 

perlment. In connection with t h i s ,  {the following] acquire  de f in i t e  pressing in- 

terest: problem of r a t t i n g  otradards for  noire leve ls ,  rtudy of the  react ion of 

the hmmn auditory syotea t o  the  complex e f f ec t  of f l i g h t  factors ,  problems of  

foremat ing  the  r e l i a b i l i t y  of the 8uditory a n d y s o r  

work c a p b i l i t y  in the  crew nembcrs, as w e l l  as the  state of uudltory s e n s i t i v i t y  

appllcable t o  the problem of profeeriimal select ion.  

Thua, in me of three  healthy subjects ,  

. order t o  preaarve a high 

Thb f ac t  neceori ta ter  the re lec t ion  of candidates not mly with good hearing, 

but the  relect lon,  by m r  of rpecial t e s t a  for  interference r e s l a t a c e ,  of per- 

OOM with auditory r y r t m  hi@ly remietaat t o  noi re  lorrdr. 

&fort\srrtely, not one of the  ex i r t i ng  methodo of a u d i o w t r l c  rtudy of tho 

huun UditoFy mi lpaor  allasrr ru f f i c i an t ly  accurate forecar t ing of tb. "remia- 

tubce" of the auditory mystem t o  the  e f f ec t  of prolonged noise,  bccawe heretofore 

the mti8tmce of a correlat ion between the  degree of auditory exhatutioa during 

sedectlaa t u t r  and the trrdency toward auditory "damage" during prolonged expos- 

ure t o  noire hrs not bear proven. 

In t h i8  t upec t ,  complu eudiological md clinlcul-physiological Uuarinat ior 
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under conditions of a diurnal  nolse-load test appears encouraging (0. I. Koterenko, 

2. I. Matsnev, e t  al. , 1967). 

U n t i l  the  present,  space medlclne h a s  not had su f f i c i en t  information concern- 

ing the nature of the clinical manifestations of any diseases of man in space, the  

spec i f ic  features  of the  course of the disease, and the meaht of Its t r e a t w n t .  A 

c l in i ca l  analysis of experimental data  during silntlation of the  effectc) of ce r t a in  

fac tors  of space f l i g h t  subs tan t ia te  s u f f l c i e n t ~ ~  convincingly the  poss ib i l i ty  of 

the  existence of these features during pathology of the  otorhinolaryogological or- 

gan~ as w e l l .  

During hypokinesia, and esF.ccfally du. h g  prolonged experlameats In [closed] 

chambers, the development of dystrophic chrngts in t he  mcous membrane of the  up- 

per respiratory t r a c t s  was  observed a g a l n ~ t  a background of [mucow membrane] hem- 

s t a t i c  changes and vasomotor dieorders. 

of the  condition of the  pucous membrane of the  nose and pharynx, as w e l l  ae the  re- 

oul t s  of post-flight examinations, t e s t i f y  that 8pace-fllgbt factore  can have an 

e f fec t  on the condition of the  l ~ c o u a  membrane of the upper resp i ra tory  tracts. 

Tho reaction of the =cow d r a m  in the  form of tempcrary ca t a r rha l  phemmena, 

moomotor chmgee, [and] drynesr were obeerved in the  astronautr by American in- 

vest lgators  (Berry, 1967). 

A subject ive evaluation by the  cosmnaute 

Siallar reaction8 vore a lso  noted in Soviet c o e n ~ m ~ t e  

8ft.r fli@lt 

It I# v o l l  knam t ha t  the  .ah vchan len  for the red i r t r lbu t ion  of blood dur- 

ing wei~htloesacres creates preconditlonr for tl.e d is tor ted  couree of vasomotor 

dirordetr of tho mcous meabr.110 of tho nose w i t h o u t  m y  symptao of infL.rratim. 

Becaure of thi,, durlng post-fl ight e aca~s ion ,  phenomena of puffinere,  bluemar 

of tho nU8l conchae 8nd objoctively recorded symptoms of va8OmOtor change8 in the  

meal u c o u s  mmbraae were of tar observed in the cosmOna&e ( I. I. Bryanov et al, , 
1970). 

It i r  a h 0  appropriate t o  dwoll  on thc t o n s i l l a r  problem in space medicine, 



which has not l o s t  i t s  urgency. Cl inical  observatinn of the cosmonauts ha0 shown 

that  compensated forma of chronic t o n s i l l i t i s ,  under the  influence of a special pre- 

paration, have a de f in i t e  tendency t o  make the process -re acute. 

have been observed repeatedly during prolonged sirnulatior! experiments as vell.  

/g 

Simllar f a c t s  

These fac t s  necessi ta te  t h e  introduction of a correction i n t o  the expert d i -  

ca l  approach t o  t h i s  pathology and the broader recommendation of prophylactic ton- 

sillectomy of the candidate pr ior  t o  t h e i r  inclusion in to  the  t ra in ing  group. 

A t  p r e s e n t ,  de f in i t e  factual  material has been accumulated vhich nukes it  poe- 

s l b l e  t o  ver i fy  the  poss ib i l i ty  of the  onset of other otorhiaolaryngological patho- 

logy i n  candidatem and cosmonauts, which require8 the carrying out  of therapeutic 

measures. Often, therapeutic -8ures prove t o  be even forcedD s ince  they are dic- 

tated by expert d l c a l  requlrenents. 

The problem of a l lergy a8sumed par t icu lar  importance. Allergic  les ions to  

otorhInolargagologica1org.ar can aaly d is rupt  the work capabi l i ty  of the  crew, 

but ai80 can become the reasm f o r  t m e d i a t e  necesmry surgical  intervention (glot-  

t i d i a l  edema) a d  even the unscheduled landing of the c r a f t .  

In caaarction with t h i a ,  the canduction of al lergological  examinatloa during 

select ion [and] La the proceri  of coeroruut t ra ln ing  acquires great  laportonce, 01 

d o u  the pre-flight determination of individual s e n s l t l r i t p  of the  crew members t o  

many preprrationr ia the  f l r r t ~ l d  ruppliar.  

the por8 lb i l i t l e8  of their onmet Increase in raightler8neor . 
hthodology of t r ea t ing  d I r e a ~ 8  of the  OtathhOl8rp8OlOgiCal organ# d 8 0  I C -  

quires 8 dofhLte  rp.ciflc Importance. 

t r u r , - h n r l  U 8 e  of drop. mt be excluded in connection with the pecu l i a r i t i e s  of 

the s i tua t ion  urd the transporteticm of l iqu ids  in weightlessness. 

Cerns many other otorhinolaryngologlccl procedures ( i n s t i l l a t i o n ,  bathing, e t c . ) .  

Even the use of widely accepted method8 of otorhlnolaryngological emdoecopy re- 

quire8 the  acqul8itloa of defhite  work habit8 i n  weightleesneer .ad perfection of 

In  p u t i c u l a r ,  In 8paca f l i g h t  even the  

Thle  ale0 coa- 
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the  appratus and intrumentation. 

However, the rendering of immediate, t i g e l y  a i d  will depend not only on the  

presence of the  necessary instrumental equipment, bu t  a l so  on the  a b i l i t y  of the  

physician or someone Of the crew members t o  render the  appropriate medical a i d .  

md  , specif ical ly ,  otorhinolaryngological a i d .  This circumstance necess i ta tes  the  

inc lus im,  i n  the cosmonauts' t ra in ing  system, of a special  section with otorhino- 

laryngological emphasis. 

Thus, the  problem arises of not only studying the  space speclf ice  of otorhino- 

laryngological diseases,  but also modifying the  diagnostic instrumento and methods 

applicable t o  flight conditions. Perfectioa of theee methods and conrtruct ive de- 

c i s b n s  coacemicg ine t ruasa to l  equipment auet be made, very likely, not only in 

experiments on ear th,  but 8180 in the  ac tua l  conditions of f l i g h t ,  in par t icu lar ,  

on orbi ta l  atattone.  Prom the  data presented, it is evident that the  p r o b l m  of 

otorhino~aryngologic1 support on prolonged .pace f l i g h t s  a r e  complex and multi- 

f . 3  .eted. 

ical trend la space medicine. 

Their r o l u t i a r  requircu the creation of a specialized otorhlnolaryngolog- 

The pakr otorhinolaryngologicl  u p c c t e  of apace medicine, p reevn td  [here] 

mly in the .oat general terne,  undoubtedly do not exhauct the t o t a l  complexity of 

the problem which it w i l l  be necerscrry t o  decide during oelectloa,  t ra in ipg  and 

medical rupport of prolonged f l ightr .  
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